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Abstract - Over the past 40 years efforts to restore the lake trout (Salvelinus60

namaycush) populations in Lake Michigan have met with limited success due to61

inadequate levels of stocking, inappropriate stocking practices, excessive fishing62

mortality, and interactions between lake trout and native and non-native species.  Based63

on an analysis of these impediments the plan was revised as set forth here.  The goal of64

the revised plan is to reestablish a diversity of lake trout populations that are composed65

predominately of wild fish and that sustain desirable fisheries, and that by 2035, to have66

wild fish comprise 75% or more of the population of age-10 and younger in specific deep67

and shallow-water habitats.  This plan shifts stocking to priority areas of limited68

geographic extent that have the best reproductive habitat and where fishing is69

minimized.  In these limited areas, hatchery-reared fish will be concentrated to provide a70

sufficient density of adults for successful reproduction and to reestablish lake trout as a71

dominant local predator.  Morphotypes introduced from Lake Superior into deep,72

offshore waters are expected to augment the population of lean lake trout in shallow-73

water.  Continued control of fishing and increased control of sea lamprey populations are74

needed to achieve the population densities required for sustained natural reproduction.75

Progress towards achievement of the goal and the results assessments will be reviewed76

annually and reported.77
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Figure 1. Statistical districts and refuge areas in Lake Michigan.78
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Introduction80

81

Historical Background of Lake Trout Restoration82

Lake Michigan contained the largest lake trout (Salvelinus namaycush)83

population and fishery in the world prior to the influences of over fishing, sea lamprey84

(Petromyzon marinus) predation, alewife invasion, and habitat degradation (Hile et al.85

1951; Eschmeyer 1957; Wells and McClain 1973; Holey et al. 1995; Eshenroder and86

Amatangalo 2002).  By the early 1950s all lake trout populations and the diversity of87

forms adapted to specific areas (Brown et al. 1981) were gone, sport and commercial88

fisheries had collapsed, and Lake Michigan was left without its primary native predator.89

In addition, populations of lake herring (Coregonus artedii), one of the major prey90

species for lake trout, were also declining and being replaced by non-native alewife91

(Alosa psuedoharengus) and rainbow smelt (Osmerus mordax).92

Lake trout restoration efforts in Lake Michigan began in 1965 with widespread93

stocking of yearling lake trout produced mostly by federal hatcheries.  Fish managers94

assumed that these hatchery-reared fish would find and spawn on appropriate habitat,95

and that their young would repopulate the lake.  These stocked fish survived well but96

little natural reproduction was detected.   Concurrently, the introduction of Pacific salmon97

(Oncorhynchus sp.) by the states (Kolcik and Jones 1999), which was aimed at reducing98

alewife populations, fueled the development of popular and economically valuable sport99

fisheries, which also harvested lake trout.   The increased harvest by sport fisheries,100

combined with targeted and incidental commercial harvest and lamprey predation, led to101

increased mortality on stocked lake trout such that the viability of the restoration effort102

was questioned (Holey et al. 1995).  A new rehabilitation plan was developed by 1985103

which adopted the long-range goal “of a self-sustaining lake trout population, able to104

yield an annual harvest projected conservatively at 500-700 thousand fish weighting 2.5105
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million lb.” (LMLTTC 1985). In the 1985 plan, lake trout restoration efforts became better106

focused and coordinated by 1) stocking promising strains at selected densities in defined107

restoration zones, 2) establishing two large refuges (Figure 1) that were intended to108

protect stocked fish from exploitation, 3) recommending a maximum-mortality target of109

40%, and 4) conducting experimental stockings of eggs and fry to assess their potential110

for re-colonizing spawning reefs.111
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Figure 2.  Numbers of lake trout (yearling equivalents) stocked into Lake Michigan by year class114

and strain.115

Unfortunately, full implementation of the 1985 plan was never realized.  Hatchery116

production fell short of the recommended target of 6.2-million yearlings-per-year and117

only 2.4 million fish on the average were stocked annually (Figure 2).  Equally alarming,118

intensive fisheries, especially in northern waters, resulted in mortality rates higher than119

the 40% target (Holey et al. 1995).  Both of these factors limited the prospects for120

achieving the sought-after population increase of adult stocks of advanced age.   Sea121

lamprey predation, a third factor, albeit historically modest compared to the other Great122

Lakes, actually increased (Lavis et al. 2003) after the plan was adopted and contributed123
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to high total mortality.  Alewife populations continued to dominate the forage base, and124

although reduced from historic levels, still remained unacceptably high.125

126

Evidence for Natural Reproduction in Lake Michigan127

Natural reproduction has been detected at a few locations in Lake Michigan;128

however, substantial natural recruitment to the adult life stage has not yet occurred.129

Naturally produced fry were collected from man-made rubble deposited at two locations130

in Grand Traverse Bay (Wagner 1981), at the Campbell Power Plant intake structure131

near Port Sheldon (Jude et al. 1981), and at Burns Waterway Harbor in Indiana132

(Marsden 1994).  Viable fertilized eggs have been recovered from several locations on133

the east and west shorelines as well as in Traverse Bay and at Julian’s Reef (Holey et134

al. 1995; Marsden and Janssen 1997; Jonas et al. 2005).  Wild yearlings and older lake135

trout of the 1976, 1981, and 1983 year-classes were caught in Grand Traverse Bay and136

nearby Platte Bay (Rybicki 1991).137

Additionally, natural reproduction has been observed on one large offshore reef.138

Since the mid 1990s, large numbers of mature lake trout have been netted by the139

Wisconsin Department of Natural Resources during the spawning season over the140

extensive spawning reefs of the Mid-Lake reef complex, and spawning behavior has141

been observed with a remotely operated vehicle.  Fertilized eggs and fry were observed142

(video) and collected (suction sampling) from this reef complex in 2003 and 2004 (John143

Janssen, University of Wisconsin-Milwaukee; personal communication). These recent144

observations suggest that substantial natural recruitment in Lake Michigan could come145

from this area, due to large numbers of spawning lake trout observed, the extensive146

spawning area, and its offshore location.147



Draft May 11, 2005 to LMC

8

Why should lake trout be restored?148

Several ecological and cultural reasons support lake trout restoration in Lake149

Michigan.  First, from an ecological standpoint, lake trout, as a native species, are well150

adapted to life in the Great Lakes.  Because of their phenotypic diversity, lake trout are151

capable of using the wide variety of habitats, both inshore and offshore areas, including152

the deepest waters of the lake.  This broad use of habitat allows lake trout to use many153

different types of food resources (e.g., benthic and pelagic invertebrates and fishes) for154

growth and reproduction and eliminates their dependence on any single prey source;155

therefore lake trout can have a stabilizing influence on the fish community.  Second,156

from a historical perspective, lake trout supported culturally important commercial, sport,157

and tribal fisheries and with restoration, can do so in the future.  Even now, while in the158

process of rehabilitation, hatchery origin lake trout provide fishing opportunities for159

anglers and treaty fishers.  Third, for some individuals, species such as lake trout have160

an important intrinsic value associated with being native and therefore warrant the efforts161

expended to re-establish populations.  For some anglers, catching naturally reproduced162

wild fish is of greater value than catching a hatchery-reared fish.   Lake trout restoration163

poses serious challenges since these fish are long lived, mature at a late age, have164

specific spawning requirements, and are easily over fished. Although these165

characteristics make restoration difficult, they make lake trout an excellent indicator of166

overall ecosystem health (Ryder and Edwards 1985).167

168

Management Roles and Responsibilities169

The roles and responsibilities for restoration and management of lake trout in170

Lake Michigan are complex and involve state, tribal, federal, and international171

organizations and also include decrees from federal courts.  Lake trout know no172

jurisdictional boundaries; therefore effective management within the waters of one state173
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requires cooperation and collaboration among all government entities that manage lake174

trout in Lake Michigan.175

The states of Illinois, Indiana, Michigan, and Wisconsin and the176

Chippewa/Ottawa Resource Authority (CORA) have management authority over lake177

trout.  Their jurisdiction and responsibility cover the lake and its watershed and much of178

the human population in the area, and include fishery regulation, stocking fish (other179

than lake trout), controlling pollution, management of physical habitat, and public180

education.  This multijurisdictional situation is further complicated by the `U.S. District181

Court 2000 Consent Decree, negotiated among the Sault Ste. Marie Tribe of Chippewa182

Indians, Bay Mills Indian Community, Grand Traverse Band of Ottawa and Chippewa183

Indians, Little River Band of Ottawa Indians, Little Traverse Bay Band of Odawa Indians,184

the United States, the State of Michigan, and Michigan anglers (United States vs. State185

of Michigan 2000).  The Decree specifies certain management actions related to lake186

trout including stocking and the control of lake trout mortality rates and exploitation.  As187

stated in the Stipulation of Entry of 2000 Consent Decree, the eight parties to the Decree188

affirmed their commitment to lake trout restoration within the 1836 Treaty waters,189

especially the waters in northern Lake Michigan that were historically important to190

reproduction (Dawson et al. 1998).191

The federal government through the U.S. Fish and Wildlife Service and the U.S.192

Geological Survey are important partners with the states and tribes in lake trout193

restoration.  The U.S. Fish and Wildlife Service is the principal federal agency194

responsible for the restoration of natives species and their habitats, and has been195

primarily responsible for rearing and stocking most of the lake trout in Lake Michigan.196

The U.S. Geological Survey and the U.S. Fish and Wildlife Service provide stock197

assessment and research support to the restoration program.198



Draft May 11, 2005 to LMC

10

The Great Lakes Fishery Commission, through the 1955 Convention on Great199

Lakes Fisheries, is responsible for management of sea lamprey, assisting with inter-200

jurisdictional coordination of lake trout management, and research.  The Commission201

works with the U.S. Fish and Wildlife Service to implement an effective program of sea202

lamprey population assessment and control through the use of lampricides, adult203

barriers, adult trapping and the release of sterile males.   The program seeks to minimize204

the damage to lake trout and other species caused by sea lamprey.  The Commission205

also encourages inter-jurisdictional coordination of lake trout management by bringing206

federal, state, and tribal parties together though the Lake Michigan Committee and the207

Lake Michigan Technical Committee; this management plan was developed within this208

organizational structure.  The Commission also has a long-standing history of promoting209

research to understand the processes associated with lake trout restoration.210

211

Process Used to Develop the Plan212

This lake trout restoration plan represents an update and revision of the earlier213

1985 plan (LMLTTC).  To assist in the definition of goals and objectives, a retrospective214

analysis of the impediments to restoration was conducted first (Bronte et al. 2003c).215

This analysis considered the management potential to solve well-known obstacles (i.e.216

sea lamprey predation) and to identify new problems (i.e. egg and fry predation by round217

goby) that may stand in the way of restoration.  Then goals and objectives were218

redefined by taking into account new information, the ever-changing Lake Michigan fish219

community, and the important management experiences gained over the past 20 years.220

Management actions were then identified to address the impediments, accomplish the221

objectives, and achieve the goal of restoration.  Studies were identified to evaluate the222

effectiveness of the actions in addressing the impediments and measure the progress223
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toward restoration.  These evaluations will provide critical feedback information to guide224

future adaptations to the management strategies as the plan is implemented.225

226

Goal and Objectives227

228

Goal: Reestablish genetically diverse populations of lake trout that are composed229

predominately of wild fish that are able to sustain fisheries.230

231

Objective 1 (Increase genetic diversity):  By 2007, and until restoration has been232

achieved, increase the genetic diversity of lake trout through the introduction of233

morphotypes adapted to deep, offshore areas while continuing to stock shallow-water234

morphotypes.235

236

Objective 2 (Increase overall abundance):  By 2012, achieve in refuges and high-priority237

areas, catch-per-effort > 25 lake trout/1000 feet of graded mesh (2.5-6.0 inch) gill net238

lifted during spring stock assessments (2004 lakewide CPUE arithmetic mean = 9.5 and239

range = 0.0-61.3).   The target level of relative abundance is similar to those measured240

at other Great Lakes sites where natural reproduction has occurred. (Needs discussion)241

242

Objective 3 (Increase adult abundance):  By 2018, increase the abundance of adults in243

refuges and high-priority areas to a minimum catch-per-effort > 50 fish/1000 ft of graded244

large-mesh (4.0-6.0 inch) gill net fished on spawning reefs. (Needs discussion)245

246

Objective 4 (Build spawning populations):  By 2020, spawning populations in areas247

stocked prior to 2006 should be at least 25% females and contain 10 or more age248
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groups older than age-7. These milestones should be achieved by 2030 in areas249

stocked after 2006.250

251

Objective 5 (Detect egg deposition):  By 2015, detect a minimum density of 500 viable252

eggs/m2 (eggs with thiamine concentrations > 4 nmol/g) in previously stocked areas.253

This milestone should be achieved by 2025 in newly stocked areas.254

255

Objective 6 (Detect recruitment of wild fish):  Recruitment of wild lake trout should occur256

as follows: by 2020 detect age-1 fish in bottom trawls, by 2023 detect age-3 fish in257

spring graded-mesh-gill-net assessments, and by 2028 consistently detect sub-adults in258

refuges and high-priority areas.259

260

Objective 7 (Achieve restoration):  By 2035, 75% or more of the lake trout in deep- and261

shallow-water habitats should be age-10 and younger and of wild origin.  At this time262

these populations will be declared rehabilitated.263
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                         Impediments to Lake Trout Restoration264

The lack of achievement of the goals and objectives upon implementation of the265

1985 plan indicated a need to identify and examine the factors limiting recruitment of266

wild lake trout.  In 2000, the Lake Michigan Committee directed its Lake Trout Task267

Group to review the available information on lake trout biology and develop a list of268

potential impediments to sustained recruitment in preparation for the development of a269

new restoration plan. Fourteen such impediments were examined (Bronte et al. 2003c)270

based in part on a previous identification of research priorities for lake trout restoration in271

the Great Lakes (Eshenroder et al. 1999b) and based on a review of the current on-272

going management strategies being used.  The major findings of the impediment273

analysis, based on Bronte et al. (2003c, with editorial changes) were used throughout274

the development of this plan.  These impediments are the obstacles that stand in the275

way of achievement of the goal and objectives previously described.276

277

Lake-wide population too low278

1. Numbers stocked too low. The total number of lake trout stocked is low279

compared to the historical level of recruitment.  Stocking numbers are inadequate280

to repopulate the available habitat, overcome biological and environmental281

impediments, and compensate for the behavioral and reproductive inefficiencies282

of stocked fish.  Stocking should be increased as much as possible beyond the283

current level of 2.4 million lake trout per year.284

2. Mortality too high.  Losses of lake trout to sea lamprey predation and285

fishing need to be minimized to maximize recruitment to the parental stock and286

increase egg deposition.  The numbers of juvenile sea lampreys need to be287

reduced from current levels.  Management agencies must establish and maintain288

regulations that keep harvest at levels compatible with restoration goals.289
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290

Stocking the wrong fish in the wrong places291

1. Stocking in the wrong places.  Many inshore high-energy zones,292

inappropriate for egg incubation, are commonly used by stocked lake trout293

making these fish reproductively ineffective.  Stocking should be focused on294

offshore sites.  Inshore sites should only be stocked if they were historically295

important, have appropriate spawning habitat protected by islands or in an296

embayment, and can be designated for protection from exploitation. Stocking is297

too low in the refuges and in other offshore areas where some of the best298

spawning habitat exists and where fishing mortality is lowest.  Stocking needs to299

be concentrated in areas with the best spawning habitat that are also protected300

from exploitation (i.e., the refuges).301

2. Limited genetic diversity. The genetic diversity of stocked fish has been302

limited compared to what was present historically. This deficiency inhibited re-303

colonization of inshore and offshore habitats and the reestablishment of historical304

predator-prey relationships in deep water.  The genetic diversity within and305

among lake trout forms should be increased to encourage re-colonization of deep306

water and offshore habitats, and to reduce mortality from fishing and sea lamprey307

predation.308

3. Only yearlings stocked. The stocking program has relied almost solely on309

yearling fish, thus the potential of other life-history stages was never fully310

investigated.  The stocking of eggs and fry over or adjacent to optimal spawning311

habitat should be increased, first as pilot studies, to determine whether these life312

stages offer improved performance over yearlings, and if so, under what313

conditions.314

315
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Poor survival of early-life stages316

1. Disease.  Consumption of alewives, a non-native fish, by adult lake trout317

causes early mortality syndrome (EMS) in their progeny, hence increased318

predation and/or fishing pressure on alewives is needed to suppress their319

numbers forcing lake trout to diversify their diets.  Restoration of native320

coregonines should be encouraged as this may alleviate recruitment problems321

from EMS.322

2. Predation. Predation by native and non-native species on lake trout eggs323

and fry reduces potential recruitment; hence stocking should be concentrated to324

achieve densities of adults and eggs that can overcome these mortality325

bottlenecks.  Densities of benthic egg/fry predators are likely lower offshore so326

stocking should be a priority there.  Stocking densities should emulate or exceed327

historical densities of wild fish.328

3. Lack of predation on egg and fry predators.  Lake trout need to become329

more of a dominant predator in the fish community in areas targeted for330

restoration.  This will allow them to suppress native and non-native egg and fry331

predators, thereby decreasing recruitment losses.  Such dominance is important,332

especially in those regions where spawning habitat is aggregated.333

334

Special Concern for Early Mortality Syndrome as an Impediment335

Early Mortality Syndrome (EMS) may be the most difficult impediment to336

overcome.  EMS occurs when lake trout eggs are deficient in thiamine and causes direct337

mortality during hatching and indirect mortality afterward.  Clinical signs of EMS include338

loss of equilibrium, swimming in a spiral or corkscrew pattern, lethargy, dark339

pigmentation, hyper-excitability when touched, and failure to feed (Marcquenski and340

Brown 1997).  The presence of thiaminase, an enzyme that destroys thiamine, in341
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alewives consumed by adult lake trout has been determined to be the cause of EMS342

(Honeyfield et al. 2005).  Thiaminase-producing algae or bacteria are suspected to be343

the source of thiaminase in the food chain.  Zooplankton consume thiaminase-producing344

algae or bacteria, and are then eaten by alewives which act as vectors for thiaminase to345

lake trout.  Annual and spatial variations in the prevalence of EMS in lake trout and346

Pacific salmon may be the result of ecosystem changes that favor elevated thiaminase347

activity in algae or bacteria leading to increased concentrations of thiaminase in alewife.348

Even though the role that thiaminase plays in EMS is not completely understood,349

research on lake trout captured from the wild or reared under controlled laboratory350

experiments has clearly shown that when alewife are prominent in the diet, EMS occurs351

and reproductive potential is impaired  (Fitzsimons and Brown 1998 ).  A threshold352

thiamine concentration of 1.5 nmol/g or less causes direct mortality on lake trout fry353

(Brown et al. 1998; Honeyfield et al. 2005).  Indirect mortality in affected fry with thiamine354

levels below 4.0 nmol/g has also been observed (Brown and Honeyfield 2004).   This355

can be caused by impaired vision, reduced ability to avoid predators, susceptibility to356

bacterial pathogens, slower swimming speed, and slower growth.  Total amelioration357

from EMS may not occur until egg thiamine levels are much higher than 4 nmol/g.  Of358

191 ripe females sampled from Lake Michigan during 1996-2003, the mean egg359

thiamine concentration was 3.38 nmol/g and 76% were below 4.0 nmol/g (Dale360

Honeyfield, U.S. Geological Survey, Wellsboro, PA; personal communication).361

Strategies that reduce the occurrence of alewife in the diet of Lake Michigan lake trout or362

decrease the availability of thiaminase to alewife need to be developed or poor survival363

of lake trout fry will continue to hinder the restoration effort in Lake Michigan.364
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Management Actions365

Stocking366

ACTION: Stock only in high priority areas having high-quality spawning habitat and367

protection from fishing.368

RATIONALE:369

Priority areas.  Stocking will be focused in areas where spawning reefs are aggregated370

or protected from high-energy events, and where the protection from excessive fishing371

mortality is expected.  Areas of the lake identified for stocking comprise three separate372

regions that differ in habitat quality and protection from fishing.   Historical commercial-373

fishing records (Dawson et al. 1997) and more-recent evaluations of stocking practices374

(Bronte et al. 2003a) and habitat (Marsden et al. (in review)) were used to prioritize375

regions where prospects for lake trout reproduction are highest.  Most of the lake trout376

spawning habitat is located offshore within and around the Northern Refuge and within377

the Mid-Lake Refuge (Figure 1).378

379

First Priority: These areas have the highest likelihood of supporting self-sustaining380

populations.  They are located predominately offshore, have the greatest381

protection from excessive fishing mortality, have the largest area of quality382

habitat and historically supported the largest aggregations of native spawning383

lake trout.384

1) Shallow-water reefs in Statistical District MM-3, including the Northern Refuge.385

Specific reefs are grouped based on location and adjacency to neighboring reefs386

as follows (Figure 3):387

West Beaver Group – High Island, Boulder Reef, Trout Island, and Gull388

Island Shoal.389

East Beaver Group – Dahlia Shoal, Hog Island Reef, and Ile aux Galets,390
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Charlevoix Group – Big Reef, Fisherman Island, Irishmen’s Ground, and391

Middle Ground.392

2) Deepwater reefs in the Mid-Lake Reef Refuge and in Illinois, specifically393

Milwaukee Reef, East Reef, Northeast Reef, Sheboygan Reef, and394

Julian’s Reef.395

3)  Deepwater habitat, greater than 50 m, on either side of the Fox Islands.396

Inner Fox Trench – on the east side between the Fox Islands and the397

main land.398

Outer Fox Trench - on the western side of the Fox Islands toward the399

open lake.400

401

Second Priority: These areas have high likelihoods of harboring self-sustaining402

populations are predominately nearshore (some protected by embayments),  and403

historically possessed significant spawning aggregations of native fish, but where404

fishing regulations may not be as stringent as in First Priority areas.  Specific405

spawning sites are listed by statistical district:406

MM-2 – Point aux Barques Reef, Point Detour, and Portage Bay Reef407

MM-3 – Fisherman’s Island408

MM-4 – Cherry Home, Ingalls Point, Old Mission Point, and Lee Point.409

MM-5 – Good Harbor Bay, Cat Head Point and Reef, North Reef, North410

Manitou Island, South Manitou Island, North Manitou Shoals411

WM-3 – Cardy’s Reef, Whitefish Bay, Cana Island, North Bay, and Four412

Foot Shoal.413
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Figure 3.  First priority spawning reefs and regions discussed in plan.414
415
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Island Group
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Third Priority: All remaining areas of Lake Michigan are in this group and are considered416

to have a lower likelihood of self-sustaining populations.  These areas have sparse417

spawning habitat and historically did not have significant aggregations of spawning lake418

trout.  Third Priority areas will not receive yearling fish because of limited hatchery419

production but may receive fall fingerlings depending on their availability.  If stocking420

should occur, specific sites and numbers would have to be identified by the Lake Trout421

Task Group.422

423

Impediments Addressed: Stocking numbers too low, Stocking in wrong places.424

Objectives Addressed: Increase overall abundance, Build spawning populations.425

426

Genetic Origins of Stocked Lake Trout427

ACTION: Stock the strains listed below in equal proportions by life stage and number428

within each habitat type in First Priority Areas.429

430

Shallow-Water Habitats (0-50-m depth; 25% of each)431

• Apostle Islands Wild (SAW; Lake Superior origin)432

• Lewis Lake (LLW; Lake Michigan origin)433

• Seneca Lake (SLW; Lake Ontario drainage)434

• Parry Sound (Lake Huron origin – brood stock under development; first435

year class available in 2013)436

437

Deep Water Habitats (> 50m depth; 50% of each)438

• Seneca Lake (SLW; Lake Ontario drainage)439

• Klondike Reef Strain (SKW; Lake Superior origin)440

• Siscowet (Lake Superior origin - Future)441
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442

RATIONALE: This action addresses the impediment that genetic and phenotypic443

diversity of previously stocked lake trout was limited and did not represent historical444

levels.  Page et al. (2004) has shown that an important component of genetic diversity445

among wild populations in Lake Superior was organized by morphotype (lean, humper,446

and siscowet).  These morphotypes use different habitats (e.g., shallow water, deep447

water, steep banks) and food sources (Larwie and Rahar 1971; Conner et al. 1993;448

Krueger and Ihssen 1995; Moore and Bronte 2001; Harvey et al. 2003).  The choice of449

strains was based on matching the native habitats of donor sources to the deep and450

shallow-water habitats of Lake Michigan.  The criterion for choosing appropriate strains451

is similar to the 1985 plan (Krueger et al. 1983; LMLTTC 1985) but here is implemented452

with a different suite of strains.  Strains chosen also reflect the greater diversity among453

morphotypes (lean and humper) and among lake basins (e.g., Lake Superior, Lake454

Huron, Seneca Lake) than in the earlier plan.  Lake Superior lean strains stocked under455

the previous plan (Marquette, Apostle Island, Isle Royale, Traverse Island) were456

ecologically and genetically redundant hence we chose only the Apostle Island strain457

since they appear to be more genetically diverse than the Marquette strain and have458

better post- release survival than the Isle Royale strain in Lake Michigan (Bronte 2003a).459

Strains are selected from locally adapted stocks from the Great Lakes basin that460

are capable of inhabiting both shallow (<50m) and deep water (> 50 m).  These strains461

are progeny from populations that successfully reproduce in other Great Lakes, in inland462

lakes in the basin (Seneca Lake), or in lakes where Lake Michigan stocks were463

transferred (Lewis Lake, Wyoming).  This strategy assumes that the genetic traits464

required for survival and reproduction are present in the hatchery stocks and will be465

expressed after stocking into Lake Michigan.  This approach, the introduction of466

genotypes of geographically proximate populations, is comparable to similar strategies467
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suggested for restoration of Pacific salmon and other species (Krueger et al. 1981; Miller468

and Kapuscinsiki 2003; Reisenbichler et al. 2003).469

Selecting strains based on habitat preferences infers that if restoration is to occur470

in both deep and shallow waters, different types of lake trout need to be stocked.471

Historically, different forms of lake trout lived in Lake Michigan (Brown et al. 1981).472

Many different shallow water forms were recognized by commercial fishermen and were473

found on the various shallow water reefs in northern Lake Michigan.    Deepwater forms474

of lake trout were known in fisheries adjacent to the Beaver – Manitou Island region of475

northern Lake Michigan.   Smith and Snell (1891) stated that the “siscowet or deepwater476

variety of the trout” occurred “throughout the northern portion of the lake … especially477

between the Manitou and Beaver Islands.  In some places fully half the trout taken are of478

this kind.”  Shallow- and deep-water forms were also reported to occur on both sides of479

the northern (Grand Traverse Bay and in the vicinity of Two Rivers, Wisconsin) and the480

southern portion of the lake (Goode 1884), and in Illinois waters (Coberly and Horrall481

1982)  Based on interviews of commercial fishermen who fished during 1920-1950 (cited482

in Brown et al. 1981), deep-water lake trout spawned on the Sheboygan, Northeast,483

East, and Milwaukee reefs over clay, gravel, and limestone outcroppings at depths of484

55-79 m.485

The choice of shallow-water strains was based on knowledge of their survival486

after stocking in Lake Michigan and elsewhere in the Great Lakes.  Recently, a487

comparison of survival after stocking at spawning sites in Lake Michigan indicated that488

Lewis Lake, Apostle Islands, and Seneca Lake wild strains survived better than the489

Green Lake, and Superior Isle Royale strains (Bronte et al. 2003a).  Based on the490

results of this study, the space constraints in federal hatcheries to hold multiple strains,491

and the rationale described above, the former three strains should be stocked into492

shallow water habitats in Lake Michigan.  The Marquette strain from Lake Superior had493
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similar post release survival as the Lewis Lake and Seneca Lake strains but is being494

replaced by the Apostle Islands strain.495

The Seneca strain is recommended for stocking into both shallow- and deep-496

water habitats. Royce (1951) reported that the lake trout in Seneca Lake spawn in water497

greater than 50 m in late September and early October.  Although upon introduction this498

strain has been documented to spawn in shallow water in the Great Lakes, the Seneca499

strain lake trout should have the genetic capability to successfully occupy deep-water500

habitats in the Great Lakes.  The Seneca strain has survived consistently well in other501

Great Lakes and has produced detectable recruitment when compared to other strains in502

the Great Lakes (e.g., Grewe et al. 1994; Perkins et al. 1995; Page et al. 2003; R.503

Philips, Washington State University, Vancouver, WA; personal communication).504

In addition to the Seneca strain, deep-water habitats should be stocked with the505

Klondike strain.  This strain is recommended for stocking deep-water habitats because506

of the ecological similarity between deep offshore reefs in Lake Superior and the Mid-507

Lake reef complex in Lake Michigan.  Klondike Reef is located about 57 km northeast of508

Grand Marais, MI in the Michigan waters of Lake Superior and is an underwater hill that509

ranges from 40 to 60 m deep on top, and from 90 to 250 m deep on the bottom.  The510

Klondike broodstock were developed from humpers, a distinct form of lake trout from511

deep waters of Lake Superior that should be ideal for stocking the deep waters of Lake512

Michigan.513

 One new source of shallow-water lean lake trout, the Parry Sound strain, which514

is now being developed, should be introduced into Lake Michigan.  This strain is from a515

remnant population in Lake Huron that has rebounded since the mid-1980s (Reid et al.516

2001).    This population increased to more than 10,000 individuals after fishing and sea517

lamprey mortality were controlled. Parry Sound has a maximum depth of 112 m and an518
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average depth of 41m therefore, these fish should be ideal for restoring populations in519

shallow-water habitats of Lake Michigan.520

Another source to consider for future introduction is the deep-water siscowet lake521

trout, which is an important component of the Lake Superior populations (Bronte et al.522

2003b).  Siscowet are found typically in water deeper than 75 m (Moore and Bronte523

2001; Bronte et al. 2003b) and appear to have multiple stocks that spawn at various524

times of the year (Bronte 1993).  This form of lake trout should be ideal for recolonizing525

the large amount of habitat formerly used by native deep-water lake trout in Lake526

Michigan (described above) because of its consistent use of deep offshore waters,527

resistance to the effects of sea lamprey mortality in Lake Superior, and potential to use a528

variety of habitats.  An abundance of deep-water lake trout may promote re-529

establishment of shallow-water lake trout populations by suppressing through predation530

species such as burbot (Lota lota) (Bronte et al. 2003b), who are thought by some to531

compete and/or prey on lake trout young (see Ward et al. 2000).532

533

Impediments addressed:  Limited genetic diversity.534

Objectives addressed:  Increase genetic diversity.535

536

Life Stages to be Stocked537

ACTION:  Stock a variety of life stages (fry, fingerlings, and yearlings) to increase the538

potential for imprinting, thereby increasing the likelihood that these fish at maturity will539

aggregate on the highest quality spawning habitat and decrease the time for restoration.540

541

RATIONALE: Life stages that are readily available for stocking are: 1) eggs or sac fry542

(pre-imprinting), 2) fingerlings (post-imprinting), and 3) yearlings (post-imprinting).543

Yearlings have been, and will remain the cornerstone of the stocking program in the544
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Great Lakes.  Stocking this life stage has the highest post-release survival and has545

contributed to the restoration of near-shore areas of Lake Superior and partial546

restoration in Lakes Ontario and Huron (Hansen 1999).  Stocking fertilized eggs, fry, and547

fingerlings has not been as widely implemented and the results from egg stocking have548

been mixed (Bronte et al. 2002; USFWS, New Franken, WI, unpublished data; MIDNR,549

Charlevoix, MI, unpublished data).  Stocking early-life stages onto reefs will likely550

enhance the potential for imprinting and may result in greater densities of adults on551

spawning reefs (especially those offshore) than those achieved from stocking yearlings552

alone.  This plan advocates an increased use and evaluation of early-life stage stocking553

to enhance the colonization of spawning habitats.554

555

Fry (Experimental) – Fry (3-4 months old) stocking should be considered where return556

rates from yearlings were poor yet habitat and other factors indicate favorable conditions557

for reproduction.  The goal is to place fry on optimal habitat to maximize their potential to558

imprint and return to spawn.  Because this technique has not been adequately tested, an559

experimental approached is recommended at this time and discussed below.560

561

Fingerlings – Fingerlings (10-12 months old) should be stocked in Second- and Third-562

priority areas over habitats where their prospects for survival and reproduction are563

highest. This life stage probably will not do well in First-priority areas where predation564

from existing populations of adult lake trout may impede their survival.  Fingerlings565

survival appears to the highest when the receiving location is devoid of lake trout.566

567

Yearlings - Yearling lake trout (15-18 months old) will remain the primary life stage for568

reintroduction and will be stocked in First-priority areas.  Their larger size results in569

better post-release survival and this life stage is most likely to build adult densities570
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required for reproduction.  As more yearlings become available, they can be stocked into571

Second- and Third-priority areas once the needs for First-priority areas are met.572

573

Adults (Experimental) - Adult transfers from Lake Superior were recommended in the574

1985 Plan but were never implemented.  This technique has had much success in bird575

and mammal re-introductions world-wide and has been successful for fish introductions576

in small lakes.  Experimental transplants of wild, adult lake trout should be made onto a577

small, isolated reef surrounded by deep water that can be readily assessed for egg578

deposition and fry emergence.579

580

Impediment addressed:  Only yearlings stocked.581

Objectives addressed: Increase overall abundance, Increase overall abundance, Build582

spawning stocks.583

584

Criteria for Hatchery Rearing585

ACTION: Stock high quality fish that are as genetically diverse as the donor stock used586

to create the captive broodstock.   587

588

RATIONALE: Hatchery rearing methods and conditions can affect the quality and589

survival of stocked fish.  The Goede’s fish health index (Goede 1991) has been the590

standard to evaluate the quality of hatchery-reared fish.  Studies at federal hatcheries in591

the Great Lakes indicate that factors such as fat index, percentage of abnormal eyes592

and fins, and condition (KTL) are significantly improved by rearing protocols that focus on593

fish quality rather than size.  Because of these results, target criteria for selected quality594

measures have been developed and adopted for the federal lake trout hatcheries that595

provide fish for Lakes Michigan and Huron (Table 1). Similar quality criteria are596
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recommended for all hatcheries, including tribal and state facilities, that supply lake trout597

to Lake Michigan, and should be further evaluated and improved.598

599

Table 1.  Quality targets established by the National Fish Hatchery System for lake trout stocked600

into the upper Great Lakes (based on Goede 1991).601

602

Metric Target

Visceral fat 85% classified with a fat index of

2.0 or greater; 0% classified with

a fat index of 0.0

Eyes ≥90% classified as normal

Gills ≥90% classified as normal

Fins ≥85% classified as normal

603

Broodstocks and their progeny should be propagated so as to minimize the loss604

of genetic variation.  The objectives over three generations are to lose < 1% of the605

genetic variability and to have a 95% chance of possessing an allele that occurs at 1% in606

the donor stock.  More details regarding genetic guidelines for the establishment of607

broodstocks and the propagation of fish for stocking are provided by Page (2001), Miller608

and Kapuscinski (2003), Reisenbichler et al. (2003), and Holey (2000).609

610

Impediment addressed:  Mortality too high, Limited genetic diversity.611

Objectives addressed: Increase overall abundance.612

613

Numbers or densities to be stocked614

ACTIONS:615

• Stock yearling lake trout at a density of 4.5 fish/hectare.616
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• Stock 3.6 million yearling lake trout in First-priority areas as specified in Tables 2617

and 3. The National Fish Hatchery system has been the primary source of lake618

trout for the upper Great Lakes and is currently capable of producing 3.5 million619

yearlings each year of which 2.4 million are reserved for Lake Michigan.  With620

facility improvements, production is expected be about 5.1 million fish, of which621

3.4 million fish would be available to Lake Michigan.622

• (Experimental) Stock sac fry of the Seneca strain at a density of 500/m2 at Hog623

Island and Dahlia Shoal, and/or Omena Point for six consecutive years. Densities624

are based on estimates of the number of eggs/meter 2 needed to survive about 4-625

weeks of predation in Lake Michigan prior to winter to insure adequate fry626

numbers in spring (Jonas et al. 2005).  Fry are relatively easy to produce and627

require little hatchery space.  Hatch dates would need to be delayed until mid-628

April to facilitate deployment.629

• Stock fall fingerlings as available in Second- and Third-priority areas.  Fall630

fingerlings are often available as surplus in the hatchery system as fish grow and631

rearing capacities become taxed.632

633

RATIONALE:  Over the past decade, knowledge has improved about the required634

density of stocked lake trout and the location of high priority areas to focus management635

efforts.  This improved understanding was based on analysis of historical data (e.g.,636

Holey et al. 1995; Dawson et al. 1997) and the potential impediments to restoration637

(Bronte et al. 2003c).  Consistent with this information and analysis, the 2000 Consent638

Decree directs the Tribes, the State of Michigan, and the United States to increase639

stocking as soon as possible in Statistical Districts MM-1, MM-2, MM-3, MM-4, and MM-640

5 (Figure 1) to a level comparable to lake trout restoration goals which amounts to about641
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1.7 million yearlings annually in northern Lake Michigan.   Increased stocking densities642

should also intensify predation on alewives and add to suppression.643

644

Impediments addressed: Numbers stocked too low, Only yearlings stocked, Disease,645

Predation, Lack of predation on egg and fry predators.646

Objectives addressed: Increase overall abundance, Increase adult abundance.647

648

Timing and Methods of Distribution649

ACTIONS:650

Yearlings651

• Stock yearling lake trout as early as practical in spring, at least by late June.652

• Stock yearlings by boat at a minimum depth of 30 m adjacent to designated653

spawning sites (see above) and distribute fish evenly so as to avoid creating654

aggregations attractive to predators.655

• Yearlings with coded wire tags (CWT) will be planted experimentally at four656

designated spawning sites as near to the sites as is practical.  The survival of657

these fish will be compared to that of CWT fish released at minimum depths of 30658

m in close proximity to the reef to test the effects of depth of water on survival659

and their rate of return as adults.660

661

RATIONALE:   Releasing an entire tank load of fish all at once may increase their662

vulnerability to predation by attracting predators.  Spreading fish over a wider area is663

expected to lower predatory losses as has been hypothesized for Lake Huron where664

survival increased for year-classes that were spread out when stocked by boat (Johnson665

et al. 2004).666
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The ability of yearling lake trout to imprint to a stocking site has been questioned.667

In Lake Michigan, stocked reefs develop significantly larger spawning aggregations than668

those that were not stocked (Bronte et al. 2003a).  Ninety percent of CWT fish recovered669

during spawning were captured within a range 24-146 km from where they were670

stocked.  Though stocking directly on reefs appears to be effective, homing back to the671

site of release is moderate at best as was observed in Lake Ontario (Elrod et al. 1995);672

this weak tendency could be lost entirely if fish are stocked too far from spawning reefs.673

Survival of yearlings may be enhanced if released over deeper water (Johnson et al.674

2004), which is the preferred habitat by age-1 lake trout in spring (Eschmeyer 1956; Van675

Oosten and Eschmeyer 1956; Selgeby and Hoff 1996) as opposed to shallower depths676

on spawning reefs.677

678

Sac fry (Experimental)679

• Stock sac fry as soon as possible after ice-out on reefs designated above.680

• Stock sac fry directly over identified high-quality spawning habitat at densities of681

approximating 500/m2.682

683

RATIONALE: Stocking of sac fry avoids the problems of domestication effects684

associated with hatchery rearing and should enhance imprinting and subsequent return685

as adults.  Predation on sac fry will be lessened if they can immediately find space within686

spawning substrates.  Methods for planting sac fry need to be researched to improve687

efficacy.688

689

Impediment addressed:  Numbers stocked too low, Only yearlings stocked, Predation.690

Objectives addressed: Increase overall abundance.691

692
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Adults (Experimental)693

• Capture and transport 500 lake trout spawners/year for three consecutive years694

from Michigan waters of Lake Superior and transport them to an isolated but695

accessible offshore reef devoid of lake trout.  All fish would be tagged prior to696

introduction into Lake Michigan and their subsequent use of the reef and any egg697

deposition would be monitored for five years.698

699

RATIONALE: This approach addresses several challenges associated with lake trout700

restoration.  Restoration takes a long time in part because lake trout require five or more701

years to attain maturity.  The proposed approach will accelerate this process by as much702

as five to seven years because the stocked fish are already mature.  Natural seeding of703

the reef with eggs from transferred adults would occur immediately and these eggs704

would have the rearing advantages associated with natural substrates (e.g., fry705

imprinting).  If adult transfers are successful, populations could become established706

rapidly as has been predicted for other reintroduction programs (Sarrazin and Legendre707

2000).  Additionally, stocked lake trout may suffer from domestication effects708

(Reisenbichler et al. 2003) because they have been raised in a hatchery for up to 1.5709

years and are the products of hatchery broodstocks.  Transplantation of wild adults710

avoids the problem of reduced fitness in the wild caused by domestication because this711

approach does not require hatcheries.712

713

Distribution of Stocked Fish714

The strategy described below recommends stocking deep- and shallow-water715

lake trout within selected areas of Lake Michigan.  This approach should result in larger716

parental stocks than those developed from the implementation of the 1985 Plan.  The717

numbers and strains, and their distribution by deep and shallow-water habitat type for718
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the selected areas surrounding and including the Northern Island and Mid-Lake Reef719

refuges, and in southwestern Lake Michigan are given in Tables 2 and 3.720

721

Table 2.  Stocking levels and distribution of yearling lake trout in northern Lake Michigan by722

geographic area (see Figure 3), strain, and release site.  Strains to be stocked are Klondike Reef723

(SKW), Seneca Lake (SLW), Lewis Lake (LLW) and Apostle Islands (SAW).724

Number by strain

Geographic Area Habitat targeted LLW SLW SAW SKW

West Beaver Group Shallow water, on reef

Shallow water, off reef

80,000

80,000

80,000

80,000

80,000

80,000

East Beaver Group Shallow water, on reef

Shallow water, off reef

80,000

80,000

80,000

80,000

80,000

80,000

Charlevoix Group Shallow water, on reef

Shallow water, off reef

40,000

40,000

40,000

40,000

40,000

40,000

Outer Fox Trench
Deep water 200,000 200,000

Inner Fox Trench
Deep water 200,000 200,000

Total by strain 400,000 800,000 400,000 400,000

725

At the Mid-Lake Reef Refuge and Julian’s Reef, Klondike (SKW), and Seneca726

Lake Wild (SLW) lake trout will be stocked in equal numbers on (over the apex) and727

adjacent to (45 m) the four principal reefs (Table 3). Stocking will be deferred at East728

Reef for five years from the implementation of this plan because this site already has729

high densities of lake trout.730

731
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Table 3. Stocking levels and distribution of yearling lake trout in the Mid-Lake Reef Refuge and732

Julian’s Reef by strain and release site.  Strains to be stocked are Klondike Reef (SKW) and733

Seneca Lake (SLW).734

Number stocked by strain

and habitat
Geographic Area Habitat targeted

SKW SLW

East Reef

(after 5 years)

Over reef summit

Off to side

100,000

100,000

100,000

100,000

Northeast Reef Over reef summit

Off to west side

100,000

100,000

100,000

100,000

Sheboygan Reef
Over reef summit

Off to northeast side

100,000

100,000

100,000

100,000

Milwaukee Reef Over reef summit

Off to south side

100,000

100,000

100,000

100,000

Julian’s Reef
Over reef summit

Off  to side 60,000

60,000

Total by strain 860,000 860,000

735

Impediment addressed:  Numbers stocked too low, Stocking in the wrong places..736

Objectives addressed: Increase overall abundance, Increase adult abundance, Build737

spawning populations.738
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Adaptive Approach to Stocking739

To insure the judicious use of the limited hatchery production, the performance740

and survival of hatchery-reared fish should be re-evaluated every three years to allow for741

timely adjustments to the stocking strategy.  Adjustments to stocking will be based on742

the following:743

1. Reductions in the number of fish available for stocking due to production744

problems in hatcheries will result in proportional reductions across First-priority745

areas.  Maintaining the integrity of any study designs will be a high priority when746

such reductions occur.747

2. In areas with total annual mortality (A) greater than 40% for five consecutive748

years, the management agencies, working with control agents of the Great Lakes749

Fishery Commission, must develop a targeted plan to reduce mortality. Total750

mortality should be separated into its natural, fishing, and sea lamprey751

components to identify the appropriate management action(s) needed to reduce752

losses.  If mortality targets cannot be met, stocking will be reduced or terminated,753

and fish will be reallocated to areas where survival is better.754

3. Stocking will be reduced or terminated near designated spawning sites when the755

CPUE of adults in fall is poor in relation to expectations.  Fish designated for756

these areas should be reallocated to areas where colonization by adults is757

occurring or to new areas contiguous with those already being stocked.  At sites758

where excessive mortality does not explain the poor adult CPUEs, early- life759

stages should be deployed as an alternative to yearlings.760

4. For previously stocked areas, stocking will be reduced or terminated in areas761

where unacceptable density dependent declines in survival occur (when R/S is762

25% of highest level).763
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5. Stocking will be terminated on reefs where natural recruitment is increasing and764

sustainable.765

766

Impediments addressed: Mortality too high, Stocking in wrong places.767

Objectives addressed: Increase overall abundance, Increase adult abundance, Build768

spawning populations.769

Diversification of Lake Trout Diet770

ACTION:  Investigate a strategy to restore or enhance lake herring and deepwater771

coregonines in Lake Michigan for the purpose of lowering the prominence of alewife in772

lake trout diet which will reduce the prevalence of EMS in lake trout fry.773

774

RATIONAL:  Natural reproduction of lake trout is most successful in those areas of the775

Great Lakes (Lake Superior and parts of Lake Huron) harboring healthy populations of776

native coregonines and exhibiting low incidence of EMS in lake trout fry.  Strategies to777

restore or enhance lake herring (Coregonus artedii) and kiyi (Coregonus kiyi) in Lake778

Michigan are consistent with efforts to reduce thiamine deficiencies by providing779

alternative prey for top predators.  Further suppression of alewife populations may780

diminish the socioeconomically important sport fishery for Pacific salmon; however this781

decline may not be severe.  Coregonines made up 19% by weight of the diet of Chinook782

salmon in Lake Superior during 1981-1987 (Conner et al. 1993) indicating that salmon783

will feed and grow well on a diet of coregonines.  In addition, stocking strains of lake784

trout that live in deeper offshore waters (Klondike) or deeper in the water column (i.e.785

Seneca Lake strain, Royce 1951, Bergstedt et al. 2003), and are more likely to786

encounter alternate prey like bloater (Coregonus hoyi), which may decrease the impacts787

of EMS on lake trout.788

789
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Impediments Addressed: EMS/Disease, Predation.790

Objective Addressed:  Increase overall abundance, Detect recruitment of wild fish791

792

Regulations793

Stocked lake trout and their progeny will need to be protected from over-fishing if794

the goal and objectives of this plan are to be realized. Healey (1978) suggested that to795

sustain wild lake trout populations, the maximum total annual mortality should not796

exceed 50% for populations with natural mortality rates of 20-30%.  Lake trout, which are797

long-lived, late to mature, and have low fecundity, are likely to decrease in abundance798

when fishing mortality exceeds 15%.   To achieve restoration, conditions must exist to799

allow for both population sustainability and expansion.  Thus, restoration requires that800

total mortality (hence fishing and sea lamprey) must be low to allow adequate801

escapement and rebuilding of adequate parental stocks. To achieve these conditions,802

restoration plans for Lake Superior (45%, Hansen 1996) and the1985 Plan for Lake803

Michigan (40%, LMLTTC 1985) adopted ceilings lower than 50% on total mortality.  It is804

recommended for this plan that total mortality should not exceed 40% for the mature805

lake trout in Lake Michigan.  Recent estimates (2003) of total mortality and its806

constituent parts, based on statistical catch-at-age models, for the 1986-Treaty waters of807

Lake Michigan are given in Table 4.808
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Table 4.  Estimates of total, natural, fishing, and sea lamprey-induced annual mortality809

for lake trout for selected statistical districts in Lake Michigan in 2003 (Modeling810

Subcommittee, Technical Fisheries Committee  2004; unpublished data).811

812

2003 Average annual mortality

Statistical District

Total

(A)

Natural

(v)

Fishing

(uF)

Sea lamprey

(uL)

MM-1,2,3 combined 0.44 0.21 0.10 0.21

MM-4 0.49 0.25 0.14 0.22

MM-5 0.40 0.27 0.07 0.12

MM-6,7 combined 0.27 0.18 0.06 0.06

813

These estimates indicated that natural mortality ranges from 18 to 27%, while mortality814

from sea lamprey predation now ranges from 6 to 22%.  These results also suggest that815

fishing mortality must remain low and that sea lamprey mortality must be reduced816

significantly if target mortalities are to be reached and maintained.  Since 2001817

significant decreases in fishing mortality have resulted through the coordinated818

management efforts stipulated in the 2000 Consent Decree and the resolve of the819

parties.  For a population under restoration, no surplus production logically exists to820

support fisheries (Krueger and Ebener 2004) or other sources of mortality, thus, every821

effort should be made to maintain low fishing mortality and significantly reduce sea822

lamprey populations.  The Great Lakes Fishery Commission must maintain an increased823

control effort on Lake Michigan if lake trout population increases are to occur.824

825

Best Harvest Practices826

ACTION: Establish regulations that will protect mature (age 7+) from exploitation.827

828
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RATIONALE: All harvested lake trout are not equal.  Mature (age 7+) lake trout should829

be protected more than immature fish as they can contribute immediately to830

reproduction.  Further, older fish (larger) fish are more fecund than fish that have just831

matured (O’Gorman et al. 1998).   Lake trout populations are better able to withstand a832

nominal harvest of younger fish, which are more abundant and reproductively less833

valuable.  When possible, harvest efforts should be directed away from large and old834

fish.  Slot-size limits, which permit harvest of immature fish and minimize harvest of adult835

fish, should be encouraged and implemented lake wide for recreational fisheries.836

837

Impediments addressed: Mortality too high.838

Objectives addressed: Increase overall abundance, Increase adult abundance, Build839

spawning populations.840

Selective Fisheries841

ACTION: All unmarked lake trout (those without fin-clips) should be immediately842

returned unharmed to minimize fishing mortality on wild fish.843

844

RATIONALE: The absence of fin clips on recaptured lake trout may indicate that these845

fish were naturally produced.  Though unclipped fish may be those missed during846

marking in the hatcheries (marking efficiencies are about 95%), all lake trout with intact847

fins should be considered wild recruits and released alive when captured in sport and848

commercial fisheries.  Reducing fishing mortality further on these fish, which presumably849

survived the impediment bottlenecks, increases the chance of passing the genetic and850

behavioral traits responsible for their survival to the next generation. This strategy is851

being widely used in efforts to conserve and enhance wild salmon populations along the852

West coast of North America and steelhead (Oncorhynchus mykiss) in Lake Superior.853

854

 Impediments addressed: Mortality too high.855
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Objectives addressed: Increase overall abundance, Increase adult abundance, Build856

spawning populations.857

858

Development of biologically compatible harvest regulations859

ACTION: Implement regulations consistent with mortality and abundance estimates from860

statistical catch-at-age analysis (SCAA) models.861

862

RATIONALE: Political and social realities require some level of harvest concurrent with863

this restoration effort.  Appropriate levels of fishing need to be compatible with the spirit864

of restoration, and be estimated from the available data.  Survey data, along with865

information on harvest and other losses, need to be scaled up to a population level to866

allow for examination of population trajectories.  SCAA models partition mortality among867

commercial and recreational fisheries, sea lamprey, and natural sources and describe868

how these losses have changed over time.  Statistical catch-at-age analysis is widely869

viewed as a state-of–the-art assessment approach (e.g., Fournier and Archibald 1982;870

Hilborn and Walters 1992; Methot 1990, 2000; NRC 1998; Quinn and Deriso 1999) and871

is currently employed to manage lake whitefish (Coregonus clupeaformis) and lake trout872

fisheries in 1836 Treaty waters in Lakes Superior, Huron and Michigan (Modeling873

Subcommittee, Technical Fisheries Committee 2004) and lake trout fisheries in the874

Wisconsin and Minnesota waters of Lake Superior.  Model development for all waters of875

Lake Michigan is needed to evaluate the progress toward achieving restoration876

objectives and to make more-informed decisions on allowable harvest.877

878

Impediments addressed: Mortality too high.879

Objectives addressed: Increase overall abundance, Increase adult abundance, Build880

spawning populations.881
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Sea Lamprey Control882

ACTION:  Limit sea lamprey populations to no more than 58,000 + 13,000 adults, a level883

commensurate with a marking rate of 4.7 marks per 100 lake trout.884

885

RATIONALE: Suppression of sea lampreys has contributed to improved survival of lake886

trout and other salmonines in Lake Michigan.  However, significant increases in the sea887

lamprey population over the past two decades have occurred (Lavis et al. 2003) and888

numbers have tripled since 2000.  Currently, sea lamprey kill far more lake trout than all889

fisheries combined and is now a considered a major impediment to lake trout restoration.890

The Lake Michigan Committee defined a general objective for sea lamprey calling for891

suppression to achieve their Fish Community Objectives (Eshenroder et al. 1999a)892

including lake trout restoration.  The target abundance of sea lampreys that would893

achieve the Objectives is estimated to be 58,000 (+/- 13,000), and is based on estimates894

of wounding rates, subsequent mortality on lake trout and the abundance of sea895

lampreys.  Sea lamprey abundance has been above this target during the recent past as896

observed in assessments of spawning adults (Figure 4). The Great Lakes Fishery897

Commission and its agents increased control during 2001-2004 that included treatments898

of new lentic areas and the large previously untreated Manistique River, which contained899

millions of larvae.  Increased control is expected to achieve the sea lamprey target and900

should result in a decrease in marking (Type- A 1-3) on lake trout.  Marking rates have901

been continually increasing above the 5 marks per 100 fish target since the mid 1990s902

(Figure 5).  Lakewide control efforts need to be increased to reduce sea lamprey903

numbers to at or below target levels.904
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Figure 4. Number of spawning-phase sea lampreys in Lake Michigan estimated from a906

regression model that extrapolates individual river trap catches to lake-wide abundance based on907

river discharge and treatment history (Mullett et al. 2003).  The horizontal lines represent the908

target abundance for sea lampreys and confidence bounds (56,000 +/- 13,000) that will cause909

minimal mortality on lake trout as prescribed in the Fish Community Objectives (Eshenroder et al910

1999a).911
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Figure 5.  Number of A1-3 marks per 100 lake trout size > 21 inches total length from913

standardized assessments during August-November.  These data are plotted on the year of914

observation plus one to allow direct comparison to estimates of spawning-phase sea lamprey915

abundance (Figure 4).916



Draft May 11, 2005 to LMC

42

917

Impediments addressed: Mortality too high.918

Objectives addressed: Increase adult abundance, Build spawning populations.919

920

Evaluation921

A variety of assessment methods will be used to evaluate progress toward922

reaching the objectives of this plan.  Some evaluations, such as the spring and fall lake923

trout assessments described in the Lakewide Assessment Plan (LWAP) for Lake924

Michigan (Scheenburger et al. 1997), are already in place. The current LWAP protocol925

will have to be modified to respond to the changes in stocking locations recommended926

here.927

Outputs from SCAA models are currently available for statistical districts in928

Michigan waters and should be used to evaluate progress toward achieving population929

objectives.  Outputs of interest include population size, spawner biomass, spawner-930

stock-biomass per recruit, and mortality separated into sea lamprey, natural and fishing931

components.  Models should be developed as soon as possible for populations in other932

statistical districts.933

Fishery agencies should make long term commitments to evaluation to ensure934

that this restoration program will have adequate information available to guide future935

decisions. Agency responsibility for conducting assessments will be discussed and936

assigned at the winter meetings of the Lake Michigan Technical Committee.  Agencies937

should assist each other in conducting assessments as cooperation will be critical when938

crises occur regarding mechanical failure of vessels, availability of crew, and constraints939

caused by inadequate funding.940

Evaluation methods for each objective include the following:941
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Objective 1 (Increase genetic diversity):  The 1985 Plan recommended securing,942

stocking, and evaluating a variety of lake trout strains to determine those best suited for943

colonizing Lake Michigan.  To date, the strains reared and introduced have been944

primarily lean forms that are best adapted for shallow water habitat.  The analysis of945

restoration impediments clearly indicated that future stocking should use a variety of946

strains to maximize colonization of not only shallow, but also intermediate, and947

deepwater habitats where the important lake trout populations were historically located.948

The National Fish Hatcheries currently contain a suite of lean strains and one deep-949

water strain. All fingerling and yearling lake trout stocked should have a fin clip to950

facilitate selective fisheries as recommended under harvest practices and at least 50 %951

with a CWT in order to evaluate strain performance, movement and stocking location952

effects.  Fish stocked into refuges and First-priority areas should have a distinctive CWT953

series in order to evaluate their performance through the field measures used to achieve954

the Objectives below.  All strains should be tagged for at least five consecutive years955

and recapture frequencies should be evaluated for 12 years after the last year-class is956

stocked.  Reproductive performance of the different strains should be assessed957

genetically using mixed stock analysis of recovered wild fish.958

959

Objective 2 (Increase overall abundance):    The CPUE estimates from spring graded-960

mesh gill-net assessments, as described in LWAP, will be used to evaluate progress961

toward reaching the target CPUEs for refuges and high-priority areas.  All CPUE962

estimates must be accompanied by variance statistics so as to disclose the level of963

uncertainty.964

965
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Objective 3 (Increase adult abundance):  Annual CPUE estimates from the spring,966

graded-mesh gill net survey will serve as an index of overall status of the adult967

population.  Fall spawner-abundance assessments will be used to measure progress968

toward reaching the benchmark CPUE of >50 fish/ 1000 ft on designated spawning969

reefs.  The frequency of spawner-abundance assessments on designated reefs in fall970

will vary from annually to once every three to five years depending on the age971

composition of the spawner population on each reef.  Once SCAA models are developed972

for non-treaty waters, estimates of spawner population biomass or potential egg973

deposition should be tracked for these areas as well.974

975

Objective 4 (Build spawning populations):  Evaluation procedures same as for Objective976

3 above.977

978

Objective 5 (Detect egg deposition): Standard egg bags will be place onto spawning979

reefs to measure egg deposition as per Perkins and Krueger (1994).   Bags will be980

retrieved and live and dead eggs counted.  Selection of reefs will be made by the Lake981

Trout Task Group and agencies will be tasked to perform the work.  Egg thiamine levels982

will be monitored from a minimum of 16 mature females collected from representative983

spawning locations throughout the lake on an annual basis, and when possible egg984

thiamine levels will be measured in eggs collected in egg bags.985

986

Objective 6 (Detect recruitment of wild fish):  Recruitment of juvenile and adult wild fish987

will be detected with the spring, graded-mesh gill net survey from 2 to 4 years after988

natural reproduction is first detected.   Beam trawling in spring and summer will be used989

at the Mid-Lake Reef complex and on designated reefs in northern waters to sample for990
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young of the year and will provide more immediate detection of recruitment. The ongoing991

fall forage trawl surveys by the U.S. Geological Survey and the new summer trawl992

surveys proposed by the U.S. Fish and Wildlife Service will be used to detect older wild993

juveniles (2-6 yrs of age).  The absence of fin clips, slower growth as indicated on994

calcified structures, smaller sizes at age-1, and color differences (wild fish are darker)995

will be used to differentiate wild fish from stocked fish.  A tissue sample should be996

collected from all suspected wild fish for genetic determination of parental origin.997

998

Objective 7 (Achieve restoration):  Same assessments described above in Objective 6.999

1000

Plan Implementation1001

Successful implementation of this plan is completely dependent on the1002

willingness of the participating agencies to cooperatively assume and carry out their1003

respective responsibilities for producing hatchery fish, controlling fishing mortality,1004

reducing sea lamprey populations, and collecting, processing, and jointly analyzing data.1005

The Lake Trout Task Group will annually review progress toward achievement of Plan1006

objectives and provide a verbal and written report annually to the Lake Michigan1007

Technical Committee at the March Upper Lakes meeting. The Task Group, working1008

through the Technical Committee, may periodically propose refinements of the Plan to1009

the Lake Committee.  The agencies should periodically re-evaulate the plan to gauge1010

progress toward the population “Objectives” and to make recommendations to the Lake1011

Committee for needed improvements when new information suggests that changes are1012

warranted.1013

Reporting1014



Draft May 11, 2005 to LMC

46

Data collected annually during all lake trout assessments should be archived in a1015

single, standardized, relational database and be accessible only to participating1016

agencies. Data will be used to develop unbiased measures, incorporated in SCAA1017

models, and compared to biological benchmark values stated in the Objectives section.1018

The Task Group should establish timelines, procedures, and standards for data1019

collection, assembly, analysis, and reporting.  Biological measures related to1020

“Objectives” selected for annual tracking and incorporation into models will be reported1021

by some meaningful geographical unit as specified by the Task Group. The Task Group1022

will create a standard format for brief written annual reports to the Technical and Lake1023

Committees. More detailed reports will be prepared and presented to the Lake1024

Committee every three to five years.  These reports will contain proposals for adaptive1025

changes to the Plan as circumstances dictate.1026
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Review and Revision1027

In 2020, a major review and revision of the plan will be conducted based on new1028

information obtained from annual evaluations.  This scheduled review will allow the plan1029

to respond to changes in the lake that might have occurred (e.g., invasions of new exotic1030

species) and to incorporate an improved understanding of community ecology and the1031

impediments facing lake trout restoration.   As a result, new objectives and new actions1032

may be specified at this time.1033

1034

Research and Information Needs1035

To overcome the impediments to lake trout restoration, further research is1036

required.  The following is a list of research questions that will advance our1037

understanding of successful lake trout restoration in Lake Michigan.1038

1039

1. To what extent are bottlenecks in recruitment created by limited egg deposition and1040

mortality during lake trout egg and fry stages?1041

2. What is the potential of early life-stage stocking to increase the effective number of1042

lake trout stocked in Lake Michigan and/or improve reproductive responses and1043

homing responses?1044

3. What are the important spawning cues (e.g., pheromones, physical characteristics of1045

a site) used by lake trout to select spawning locations to successfully reproduce?1046

Can attractants be developed to improve / increase lake trout use of appropriate1047

spawning sites?1048

4. What are the movement patterns of lake trout at different life-stages among lake1049

regions in Lake Michigan?1050

5. What phenotypes of lake trout are best suited for reintroduction?  What strains are1051

contributing to spawning (i.e. eggs, fry, and unclipped adults recovered)?1052
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6. What impacts do gobies have on lake trout and what is their population trajectory on1053

spawning reefs.1054

7. What is the level of egg deposition, strain use, and potential for egg predation at the1055

Mid-Lake Reef?1056

8. What is the level of young-of-year production and mortality at the Mid-Lake Reef?1057

9. What are the absolute population size, spawner biomass, mortality rate, and age1058

structure of lake trout stocks in each management unit in Lake Michigan?1059

10. What is the threshold egg thiamine level above which lake trout fry survival is no1060

longer impaired?1061

11. What is the threshold level of thiaminase in alewife below which EMS no longer1062

impairs lake trout fry survival?1063

12. What is the source of thiaminase in Lake Michigan and what ecosystem conditions1064

enhance its availability to alewife and rainbow smelt?1065

13. What is the annual and regional variation in thiamine levels of lake trout and the1066

relationship between thiamine and EMS?1067

14. Are there for thiaminase resistant lake trout, and can tools be developed to screen1068

for such individuals? Can a lake trout broodstock be developed that is genetically1069

resistant to EMS?1070

15. What factors are limiting the population growth or reestablishment of lake herring and1071

deepwater coregonines in Lake Michigan?1072

1073

Constraints to the Implementation of the Plan1074

1075

Hatchery Production Capability1076

The present production capability of U.S. Fish and Wildlife Service hatcheries in1077

the upper Great Lakes is less than the number of lake trout required by the plan. The1078
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Service historically has reared most of the lake trout stocked into Lake Michigan and is1079

currently operating four broodstock and three production hatcheries at maximum1080

capacity (about 3.3 million yearlings) but is unable to meet the restoration needs of1081

Lakes Michigan and Huron (8.1 million yearlings).  Capital improvements to increase1082

production at these facilities are now underway and could result in increasing production1083

to about 5.1 million fish if completely funded (uncertain).  However, without major new1084

federal expansion or increased contributions of lake trout from state and tribal1085

hatcheries, the significant increases in lake trout stocking required by this plan cannot be1086

met.  New hatchery construction, if deemed necessary, will require several years of1087

planning and construction before additional fish would be available for stocking.  These1088

new fish will not contribute to the parental stock until five to seven years after they are1089

stocked, hence increased production from hatchery expansions will not affect restoration1090

efforts for many years.  This plan recognizes these current limitations; its goals and1091

objectives are intended to concentrate current (2.3 million yearlings/year) and future1092

hatchery production available for Lake Michigan into areas where the prospects for1093

natural reproduction are greatest.1094

1095

Sport and Commercial Lake Trout Harvest1096

The ideal strategy to reestablish an extirpated species is to dedicate all available1097

hatchery fish to the reestablishment goal and provide complete protection from1098

exploitation until sustaining stocks are established.  Because harvest of lake trout is an1099

important cultural activity for both state and tribal fishers, the Lake Michigan Committee1100

will have to balance societal needs for harvest with restoration goals.  This revised plan1101

adopts strategies that concentrate the available hatchery fish to the areas where1102

restoration is most likely to succeed.  The production of lake trout currently available1103

from National Fish hatcheries will not meet the requirements for rehabilitation and the1104
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demand for harvest in Lake Michigan.  To meet these conflicting demands, non-federal1105

hatcheries could be dedicated to rear lake trout specifically to meet harvest demands.1106
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